Duodenal ulcers in children are associated with Helicobacter pylori gastric infection with cagA-positive strains, but factors linked to the host are poorly known. The authors evaluated the role of proinflammatory interleukin-1 gene cluster polymorphisms in the pathogenesis of duodenal ulcer. They studied prospectively 437 children 1 to years old, 209 of whom were H. pylori positive and 228 of whom were H. pylori negative. IL1B-511-C/T, -31T/C, and IL1RN Variable number of tandem repeats were genotyped by polymerase chain reaction (PCR) restriction fragment length polymorphism, PCR with confronting two-pair primers, and PCR, respectively. cagA status was evaluated by PCR. The role of the proinflammatory cytokine genotypes in the genesis of duodenal ulcer was evaluated before and after stratification of H. pylori status on logistic regression models. In the group of children without duodenal ulcer, no association was observed between H. pylori status and proinflammatory polymorphisms. Furthermore, no association between IL1 cluster genotypes and cagA status was seen in the H. pylori-positive children. However, increasing age, male sex, and IL1RN*2 were independently associated with duodenal ulcer. After stratification, in the H. pylori-positive children, increasing age, male sex, the presence of ILRN*2 allele, and cagA-positive status were independently associated with duodenal ulcer. The risk for the development of duodenal ulcer increased when a combined association of the presence of IL1RN*2 allele and infection by a cagA-positive H. pylori strain was the variable. This study provides evidence supporting independent roles of IL1RN*2 allele and cagA-positive status in the genesis of duodenal ulcer in children. Helicobacter pylori infection is predominantly acquired in childhood and usually persists for life unless treated. In most persons, the natural history of infection is without complications, but peptic ulcer disease, distal gastric carcinoma, or mucosa-associated lymphoid tissue gastric lymphoma will occur in a small percentage of infected individuals (1-3).
Helicobacter pylori infection is predominantly acquired in childhood and usually persists for life unless treated. In most persons, the natural history of infection is without complications, but peptic ulcer disease, distal gastric carcinoma, or mucosa-associated lymphoid tissue gastric lymphoma will occur in a small percentage of infected individuals (1) (2) (3) .
In children, DU, a severe complication of the infection is much less common than in adults. The pathobiology of the uncommon childhood-onset DU is uncharacterized, but this adverse outcome may be linked to a more marked gastric inflammatory response seen in children with DU than in infected children without DU (4 -6) . Contributing factors include host genetics and bacterial virulence markers. In fact, the cagA-PAI and VacA, two of the major bacterial virulence factors involved in host cell modulation, are associated with the disease in childhood (6 -8) . Several genes of the cag-PAI code proteins with similarities to components of type IV secretion systems induce an increased inflammation in the gastric mucosa through release of cytokines such as IL-8 and IL-1␤ (9, 10) . In addition to the VacA properties linked to the gastric mucosa damage, the toxin may increase the inflammatory response of the gastric mucosa by different pathways, such as a recently demonstrated action in increasing the expression of the proinflammatory enzyme cyclooxygenase-2, not only in T cells but also in neutrophils and macrophages (11).
Although infection with virulent H. pylori strains may contribute to the difference in the inflammatory response observed in children with DU, it also may depend on the genetic background of the host.
Among the genetic factors, polymorphisms in gene promoter regions encoding for cytokines are attractive candidates as host-related risk factors. They may affect cytokine transcription and then the host immune response. Indeed, IL1B (-31C, -511T) and IL1RN*2 alleles were recently associated with an increased risk for severe gastric lesions, such as atrophy and intestinal metaplasia, and the development of gastric carcinoma (12) (13) (14) (15) (16) . Individuals harboring these genotypes are thought to overexpress gastric IL-1␤ in response to H. pylori infection that amplifies the inflammation and increases the gastric lesion.
Our hypothesis is that IL1 polymorphisms in children may contribute to a more marked gastritis (both antral and oxyntic) than is seen in those with DU, without, however, leading to atrophic changes that need a more prolonged period of infection to be established (4 -6) .
Therefore, our aim was to investigate whether IL1 gene cluster polymorphisms are associated with DU in children, controlling for confounding factors. Because VacA high producer H. pylori strains are also cagA-positive and VacA/cagApositive strain is associated with DU in children in certain populations, cagA was included in the logistic model as the virulence H. pylori marker (6) .
METHODS
This study was approved by the Ethics Committee of the Universidade Federal de Minas Gerais, Brazil. Informed consent to participate was obtained from children (whenever possible) and their parents.
We studied 437 children (241 girls, mean age 9.37 Ϯ 3.82 years, range 1-18 years) who underwent endoscopy for investigation of upper abdominal pain. Seventy-two (16.5%) H. pylori-positive children had DU. Among them, 52 were included in other studies (6, 7) .
All the included patients were from the same socioeconomic level with similar cultural habits, and all were natives of Minas Gerais state with the same ethnic background: approximately 33% of Portuguese ancestry, 33% of Amerindian ancestry, and 33% of African ancestry (17) .
The patients were considered to be H. pylori positive if the culture was positive or if they were positive by two of the following tests: the preformed urease test, carbolfuchsin stained smear examination, or 13 C-urea breath test. The children were considered H. pylori negative if the results of all tests were negative.
At endoscopy, biopsy specimens were obtained from the antral and oxyntic gastric mucosa of all patients for microbiologic analyses.
Tissue samples for culture were maintained in sodium thioglycolate broth (Difco, Detroit, MI, USA) at 4°C for a maximum of 1 h, ground separately in a tissue homogenizer (Kontes, Vineland, NJ, USA), and plated onto Petri dishes containing freshly Belo Horizonte medium (18) . H. pylori was identified as previously described (6, 9) . One antral fragment was placed in a tube containing Christensen's 2% urea agar and examined within 24 h of incubation at 37°C for urea hydrolysis.
One antral biopsy specimen was immediately rubbed on a glass slide and subsequently heat-fixed and stained with 40% carbolfuchsin for the presence of spiral-shaped bacteria.
All H. pylori strains, as well as gastric fragments from H. Pylori-positive patients from whom the microorganism was not isolated, were evaluated for the presence of cagA and ureA.
The 13 C-Urea breath test was performed according to our previous study (19) .
Tissue and bacterial culture DNA was extracted with the QIAamp DNA mini kit (QIAGEN GmbH, Hilden, Germany) (20) .
Genomic DNA from bacterial and tissue samples were PCR amplified for cagA by the use of two sets of synthetic oligonucleotides primers as described elsewhere by Kelly et al. (21) and Peek et al. (22) . The strains were considered to be cagA positive when at least one of the reactions was positive. The presence of H. pylori DNA was confirmed by the detection of ureA (23) .
To analyze gene host polymorphisms, the DNA was extracted from one antral gastric fragment.
The IL1B-31 T/C biallelic polymorphism was genotyped by PCR with confronting two-pair primers (24) .
The PCR-RFLP (restriction fragment length polymorphism) method was used for the IL1B-511C/T bi-allelic polymorphism genotyping (25) .
IL1RN penta-allelic variable number tandem repeats was genotyped according to Mansfield et al. (25) . The polymorphism was based on the number of repeats of an 86 bp, and the alleles were coded conventionally as follows: allele 1, 4 repeats (410 bp); allele 2, 2 repeats (210 bp); allele 3, 5 repeats (500 bp); allele 4, 3 repeats (325 bp), and allele 5, 6 repeats (595 bp). For the statistical analysis, and because of the rarity of alleles 3, 4 and 5, this polymorphism was treated as bi-allelic by classifying the alleles in short (allele 2) and long (alleles 1, 3, 4 and 5) categories (13) .
Statistical analysis. The data were analyzed with SPSS (SPSS Inc., Chicago, IL, USA) statistical software package version 10.0.
Linkage disequilibrium between the loci was estimated by using the program GENEPOP (available from wbiomed.curtin.edu.au/cgi-bin/genepop.cgi) in the control group without DU.
Associations between H. pylori and cagA status and gene polymorphisms as well as cagA status and DU were evaluated by the two-tailed 2 test with Yate's correction or Fisher's exact test. The level of significance was set at p Ͻ 0.05.
Variables such as sex, mean age, cagA status (negative or positive), and the cytokine genotypes (IL1B-31T/C, -511C/T, and IL1RN VNTR) were evaluated in the risk of DU in a logistic model. For this analysis, the presence of proinflammatory polymorphic alleles was scored as 0 (absence of allele 2), 1 (presence of 1 allele 2) and 2 (presence of 2 alleles 2). The association of each variable with peptic ulcer (dependent variable) was tested in univariate analysis. All the variables with a p value of 0.25 or less were included in the full model of logistic regression. The OR and 95% CI were used as an estimate of the risk. The Hosmer-Lemeshow goodness-of-fit test was used to evaluate the fit of the model (26) .
RESULTS
The characteristics of the children are shown in Table 1 . Two hundred and twenty-eight children were H. pylori negative and 209 were H. pylori positive. In the last group, the cagA status was positive in 61 (84.7%) children and 75 (54.7%) children with and without DU, respectively (p Ͻ 0.001, OR ϭ 4.58, 95% CI ϭ 2.11-10.13).
To evaluate whether H. pylori status was associated with cytokine polymorphisms, H. pylori-positive and -negative children carrying or not carrying polymorphic alleles were compared. No association was observed between the groups (p ϭ 0.87, OR ϭ 0.93, 95% CI ϭ 0.55-1.57 for IL1B-31 and p ϭ 0.12; OR ϭ 0.72, 95% CI ϭ 0.48 -1.08 for IL1RN). No association between cagA status and the presence or absence of polymorphic genes was observed (p ϭ 0.49, OR ϭ 0.84, 95% CI ϭ 0.54 -1.32 for IL1B-31 and p ϭ 0.80; OR ϭ 1.10, 95% CI ϭ 0.65-1.88 for IL1RN).
When we analyzed the linkage disequilibrium among different loci, only the results of IL1B-31 were included in the logistic model because there was a strong association between IL1B-511T and IL1B-31C in all groups (p Ͻ 10 Ϫ6 ). All the alleles at the other loci were segregated independently (IL1B-31 and IL1RN, p ϭ 0.46; IL1B-511 and IL1RN, p ϭ 0.11).
When the cytokine genotypes were analyzed as a dichotomous variable, a trend toward higher frequency of IL1RN2/2 (p ϭ 0.09) was seen in patients with DU, but no difference was observed in the frequency of IL1RN1/2, IL1B-31T/C and IL1B-31C/C genotypes between patients with and without DU ( Table  2) .
Analysis according to haplotype frequencies showed a statistically significant association between IL1RN allele 2 and DU (p ϭ 0.04), but no other association was seen (Table 2) .
When we analyzed the group of H. pylori-positive children in dichotomous analysis, a trend toward higher frequency of the IL1RN2/2 allele (p ϭ 0.08) and a statistically significant higher frequency of the IL1RN1/2 allele (p ϭ 0.01) were seen in patients with DU, but no difference was observed in the frequency of IL1B-31 genotypes between patients with and without the disease (Table 3) .
Again, when the cytokine haplotype frequency was analyzed, the IL1RN allele 2 was significantly more frequent in children with DU (p ϭ 0.002) ( Table 3) .
After, we treated every cytokine genotype as variable having three values each, according to the amount of inflammatory alleles in logistic models. In the univariate analysis, DU was also associated with increasing age, male sex, cagA-positive status, and ILRN*2 allele, but not with IL1B-31 polymorphisms (Table 4 ). All the included variables remained positively associated with DU in the multivariate analysis ( Table 4 ). The Hosmer-Lemeshow test showed good fit of the model ( 2 ϭ 8.22, 8 df, p ϭ 0.42, with 10 steps).
To assess the combined effect of infection with cagApositive strain and the presence of the IL1RN*2 allele on the development of DU, we compared the frequencies of these risk factors in children with peptic ulcer disease and in those without the disease. The patients were classified as follows: 0, without the factors; 1, with one of the risk factors; and 2, with the two risk factors. Individuals carrying the ILRN*2 allele or infected by a cagA-positive strain had an increased risk for DU with an OR of 5.42 (95% CI ϭ 1.45-23.84), and individuals who had the two high-risk factors had an OR of 19.20 (95% CI ϭ 4.48 -95.03).
DISCUSSION
H. pylori infection is mainly acquired in childhood, very early in certain developing countries. Although most infected children remain asymptomatic without complications, DU will develop in a few (6, 27, 28) . Possible explanations for these facts include the characteristics of the colonizing H. pylori strains, the genotype of the host, exposure to environmental cofactors, or interactions among two or more of these factors.
Among the putative bacterial factors, cagA, which is part of the cag-PAI, is now accepted as a risk factor for the development of DU in both adults and children (6, 27, 29) . Products of the genes of the cag-PAI are associated with increased production of cytokines such as IL-1␤, tumor necrosis factor-␣, and IL-8 that cause more marked gastric inflammation (9) . The results of this study demonstrated that infection with cagApositive H. pylori strains is independently associated with duodenal peptic ulcer in children, with an OR of 4.1. The cagA-positive strains are frequently cytotoxin producers (16) . We have previously demonstrated the presence of antibodies to cytotoxin more often in children with DU (90.5%) than in those without DU (44.4%), showing that VacA is expressed in vivo in the majority of children with DU (8) . In addition to the properties of VacA linked to damage of the gastric mucosa by multiple mechanisms, the toxin emerges as a potent immunomodulatory protein with proinflammatory activities and immunosuppressive effects that would be very useful to promote persistent bacterial mucosal colonization (11) .
Together with the virulent bacterial strains, the adverse outcome of H. pylori infection also depends strongly on the host response. Because IL-1␤ induces the transcription of other proinflammatory cytokines initiating and amplifying the im- n, number; OR, odds-ratio; CI confidence interval; *, all the long alleles; **, the short allele. 894 mune response, polymorphisms on the IL1 cluster that may affect cytokine transcription are natural host risk candidates.
The genes encoding for IL-1 cytokines are clustered on chromosomes 2q12-22 and are polymorphic at several loci (30) . A bi-allelic polymorphism at positions -31 and -511 of IL1B has been described with the allele C and T, respectively, representing IL-1␤ high secretory phenotypes (31) . Similarly, it has been shown that the polymorphic ILRN allele 2 enhances IL-1␤ production, although the mechanism of this association is unknown (15, 31, 32) .
In the present study, we demonstrated that IL1RN heterozygote and polymorphic homozygote were associated with an increased and independent risk of the development of DU in children, whereas IL1B polymorphic genes were not associated with the disease. This result may be explained by the fact that IL1RN allele 2 enhances the production of IL-1␤ to a much greater extent than do the IL1B promoter region polymorphisms, as demonstrated by different authors in mononuclear cell culture and in the gastric mucosa of H. pylori-infected patients (15, 31, 32) . Thus, high IL-1␤ production may contribute to an increased antral inflammation that may lead to a decreased somatostatin antral concentration and an increased gastrin releasing that may elicit, in a healthy corpus mucosa, the high gastric acid output necessary to the development of DU (33) (34) (35) .
The results of this study are different from those in the adult population. Furuta et al. (36) observed that carriage of IL1RN allele 2 significantly protected Japanese individuals against DU, and Garcia-Gonzales et al. (37) and Zambom et al. (38) did not show associations between single IL-1 polymorphic genes and DU in Caucasian adults. These results allow important conclusions to be made. First, there is a significant difference in the distribution of various cytokine genotypes in different regions and ethnic groups, which may partially explain the discrepancies observed when our results were compared with those from other populations. We have already demonstrated that in our population the distribution of the inflammatory alleles at the IL1 loci was intermediate between the Asians and Caucasians (39) . The second point that deserves emphasis is that differences exist between adults and children with DU.
In the context of H. pylori infection, the gastric inflammation seems to be downmodulated in infected children in comparison with adults (40) . This may explain, at least in part, why the infection is mainly acquired in childhood. However, more marked inflammation seems to be essential to the development of DU in children, there being necessary additional proinflammatory factors to overcome the natural low inflammatory response to H. pylori in children. Thus, an interplay between infection with H. pylori virulent strains that elicit a high host inflammation and a host who is able to have a more marked inflammatory response seems to be necessary for development of the disease. In other words, children who harbor IL1RN polymorphic genes associated with high IL-1␤ production, when they are colonized by VacA/cagA-positive virulent strains that are high cytotoxin producers and have inflammatory properties, are under increased risk for the development of DU. In fact, the risk for the development of DU was enhanced substantially (OR ϭ 19.20) when carriers of the allele 2 of IL1B-31, IL1B-511 and IL1RN genotypic frequencies in H. pylori-positive children with (n ϭ 72) and without (n ϭ 137) duodenal ulcer (DU) IL1RN were infected with a cagA-positive strain, showing that both host genetic constitution and H. pylori virulence markers should be taken into account in defining disease risk. Otherwise, increased risk to DU depends on an imbalance among factors that were not evaluated in this study, such as those associated with high acid output, among them an increased parietal cell mass (35) . Thus, factors associated with increased inflammation, as is the case with virulence bacterial markers and host ILRN polymorphisms, in conjunction with host factors associated with the capacity to secrete large amounts of acid that may neutralize the gastric acid inhibitory activity of IL-1␤, may work together, predisposing to the genesis of ulcers.
In conclusion, this study provides evidence supporting an independent role of virulence marker of H. pylori strains and IL1RN polymorphisms in the genesis of DU in children. The combined association of these factors significantly increases the risk of the disease in this age group. Further studies are necessary to identify additional host and bacterial factors as well as environmental influences on the bacteria-host interactions that predispose to DU in childhood.
